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FIG. 3

START

EXTRACT AUDIO FEATURE VALUES FROM
COMPRESSION ZONE OF MUSIC FILE AND 310
GENERATE MUSIC CONTENT SUMMARY BY
USING EXTRACTED AUDIO FEATURE VALUES

{

CLASSIFY MOOD/GENRE OF MUSIC FILE BY

USING GENERATED MUSIC CONTENT SUMMARY 320

EXTRACT SIMILARITY FEATURE

FOR SIMILARITY SEARCH FROM MUSIC 330
CONTENT SUMMARY

STORE CLASSIFIED MOOD/GENRE

INFORMATION AND EXTRACTED SIMILARITY 340
FEATURE IN DATABASE
EXTRACT MOOD/GENRE OF QUERY MUSIC 360
—

MEASURE SIMILARITY BETWEEN QUERY
MUSIC AND MUSIC FILE WHOSE

MOOD/GENRE IS IDENTICAL WITH THE QUERY 370
MUSIC WITH REFERENCE TO DATABASE
SEARCH SIMILAR MUSIC OF QUERY MUSIC 240

ACCORDING TO MEASURED SIMILARITY
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FIG 9

i DECODE PART OF MUSIC CONTENT SUMMARY 910

SELECT PREDETERMINED MDCT 920
COEFFICIENTS ¥FROM SUB-BAND

EXTRACT AUDIO FEATURES FROM EACH 910
OF SELECTED MDCT COEFFICIENTS

EXTRACT SIMILARITY FEATURE 040
FOR SIMILARITY RETRIEVAL
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FIG 10

DECODE PART OF MUSIC CONTENT SUMMARY 1010

SELECT PREDETERMINED MDCT 1020
COEFFICIENTS FROM SUB-BAND

PERFORM DFT ON EACH OF SELECTED 1030
MDCT COEFFICIENTS

DIVIDE SUB-BAND OF MDCT-MS AND
EXTRACT ENERGY FROM DIVIDED SUB-BAND 1040
TO USE AS TEMPO FEATURE

EXTRACT TEMPO FEATURE 1050
FOR SIMILARITY SEARCH
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SIMILAR MUSIC SEARCH METHOD AND
APPARATUS USING MUSIC CONTENT
SUMMARY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2006-0008160, filed on Jan. 26, 2006, in the

Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein by reference.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present mvention relates to a method and apparatus for
retrieving a similar music by using a music content summary,
and more particularly, to a method and apparatus 1n which
music content summaries are generated from music files and
a similar music 1s retrieved from music content summaries
whose mood and genre are identical with query music
requested by a user by using the generated music content
summaries.

2. Description of Related Art

Generally, to search for music similar to a music {ile
selected from a music data with large capacity by a user, a
function of summarizing music contents 1s essential.

However, 1n a conventional similar music search method,
since a music content summary 1s not used and the entire
music 1s used 1n mood classification and similar music search,
a search speed 1s low and errors with respect to search per-
formance occur.

In the conventional similar music search method, when
extracting a music summary, a music signal 1s divided nto
short segments and well-known audio features such as Mel-
Frequency Cepstral Coetficients (MFCC), Linear Productive
Coding (LPC), and a Zero Crossing Rate (ZCR) of a non-
compression zone are extracted from each of the segments to
be used, a processing speed 1s low.

Also, 1n the conventional similar music search method,
when extracting a music summary, since a segment clustering,
1s performed by using a short distance between segments or
clustering of segments 1s performed by using a Hidden
Markov Model (HMM) to measure similarity, a classification
error occurs due to a complicated configuration of the clus-
tering, a great amount of computation required in forming the
model, as well as a long processing time required.

Further, 1n the conventional similar music search method,
when extracting a music feature value for a music mood
classification and a music search, since a method of extracting
a timbre, a tempo, and an itensity, which are well-known,
from the non-compression zone 1s used, a decoding process of
converting a general music file, for example, an MP3 {ile, into
Pulse Code Modulation (PCM) data i1s required, thereby
decreasing a processing speed.

Still further, 1n the conventional similar music search
method, a mood class defined regardless of genre 1s used,
thereby generating a classification error. Specifically, since,
in the conventional similar music search method, the similar
music 1s searched by measuring a similarity, regardless of a
mood and a genre of music, thereby frequently generating an
error of providing music different from that which 1s
expected.

Lastly, 1n the conventional similar music search method,
since pieces of music requested as a result of retrieving are
checked by listening to a large part of the music, a long time
1s required until results are provided.
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Accordingly, a method providing improved processing
speed for retrieving music similar to the music file and which
prevents an error in retrieving the similar music by retrieving
the similar music from pieces of music whose mood and
genre are 1dentical to music to be searched.

BRIEF SUMMARY

An aspect of the present invention provides a method and
apparatus, in which a music content summary 1s automati-
cally extracted from a music file and a music mood and genre
1s classified using the extracted music summary for a similar
music search.

An aspect of the present invention also provides a method
and apparatus, in which a music summary 1s generated at high
speed by extracting audio features from a compression zone
of a music file, thereby improving a processing speed of
classitying a mood and a genre and retrieving a similar music.

An aspect of the present invention also provides a method
and apparatus, in which a music similar to a requested query
music 1s searched by considering a result of classitying a
mood and a genre of a music file.

An aspect of the present invention also provides a method
and apparatus, in which a music summary of a music file
recommended as a similar music 1s provided such that a
desired music may be more quickly retrieved.

According to an aspect of the present invention, there 1s
provided a similar music search method, including: extract-
ing an audio feature value from a compression zone of a
music file and generating a music content summary using the
extracted audio feature; classitying a mood and a genre of the
music file using the generated music content summary;
extracting a similarity feature for a similarity retrieval from
the music content summary; storing information on the clas-
sified mood and genre and the extracted similarity feature
information in a database; recerving a query music; detecting
amood and a genre of the query music; measuring a similarity
between the query music and music files that are 1dentical in
the mood and the genre to the query music by referring to the
database; and retrieving the similar music with respect to the
query music based on the measured similarity.

According to another aspect of the present invention, there
1s provided an apparatus for retrieving a similar music by
using a music content summary, mncluding: a music content
summary generation unit extracting an audio feature value
from a compression zone of a music {ile and generating the
music content summary using the extracted audio feature
value; a first feature extraction unit extracting an MDCT-
based timbre feature and an MDCT-based tempo feature from
the generated music content summary; a mood/genre classi-
fication unit classitying a mood and a genre of the music file
according to the feature extracted by the first feature extrac-
tion unit; a second feature extraction unit extracting a simi-
larity feature for a similarity retrieval from the music content
summary; a database storing information on the classified
mood and genre and the extracted similarity feature informa-
tion; a music input unit recerving a query music; query music
detection unit detecting a mood and a genre of the query
music; and a retrieval unit measuring a similarity between the
query music and music {iles that are identical 1n the mood and
the genre to the query music and retrieving the similar music
with respect to the query music according to the measured
similarity.

According to another aspect of the present invention, there
1s provided a similar music search method, including: classi-
tying a mood and a genre of a music file using a music content
summary generated based on an extracted audio feature value
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from a compression zone of the music file; extracting a simi-
larity feature for a similarity retrieval from the music content
summary; storing information on the classified mood and
genre and an extracted similanty feature from the music
content summary; detecting a mood and a genre of an 1put
query music; measuring a similarity between the query music
and music {iles that are identical in mood and genre to the
query music by referring to the database; and retrieving the
similar music with respect to the query music based on the
measured similarity.

According to another aspect of the present invention, there
1s provided a music contents summary generation method,
including: extracting an audio feature value from a compres-
sion zone of the music file; reconfiguring segments of the
music file by tracking a music content change point using the
extracted feature values; first clustering the reconfigured seg-
ments using a Bayesian Information Criterion (BIC) method,
and measuring a similarity and a repeatability between the
reconfigured segments; extracting an MDCT-based timbre
teature and an MDCT-MS-based tempo feature from each of
the reconfigured segments; second clustering the reconfig-
ured segments by calculating a Euclidean distance for the
extracted timbre and tempo features and measuring the simi-
larity and the repeatability between the reconfigured seg-
ments, the reconfigured segments being second clustered
according to the similarity values based on the Euclidean
distances; and determining the similarity and the repeatability
between the segments based on a result of a comparison
between the first clustering a the second clustering.

According to other aspects of the present invention, there
are provided computer-readable recording media 1n which
programs for executing the aforementioned methods are
recorded.

Additional and/or other aspects and advantages of the
present mvention will be set forth in part 1n the description
which follows and, 1n part, will be obvious from the descrip-
tion, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects and advantages of the
present mvention will become apparent and more readily
appreciated from the following detailed description, taken 1n
conjunction with the accompanying drawings of which:

FIG. 1 1s a diagram 1llustrating a configuration of a similar
music search apparatus using a music content summary,
according to an embodiment of the present invention;

FIG. 2 1s a diagram illustrating an example of classifying a
mood and a genre with respect to a music content summary in
the similar music search apparatus according to an embodi-
ment,

FIG. 3 1s a flowchart illustrating a similar music search
method using a music content summary, according to an
embodiment of the present invention;

FI1G. 4 1s a flowchart 1llustrating a process of generating a
music content summary in the similar music search method,
according to an embodiment;

FIG. 5§ 1s a diagram 1llustrating an example of tracking a
music content change point, 1n the similar music search
method, according to an embodiment;

FIG. 6 1s a diagram 1llustrating an example of detecting a
music content change point from candidate music change
peaks, 1n the similar music search method, according to an
embodiment;

FI1G. 7 1s a diagram illustrating an example of clustering a
segment 1n the similar music search method according to an
embodiment;
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FIG. 8 1s a diagram 1illustrating an example of generating a
music content summary in the similar music search method;

FIG. 9 15 a diagram 1llustrating an example of a process of
extracting a timbre feature, in the similar music search
method according to an embodiment; and

FIG. 101s a diagram 1llustrating an example of extracting a
tempo feature, 1n the similar music search method according
to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Retference will now be made in detail to embodiments of
the present mnvention, examples of which are illustrated 1n the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. The embodiments are
described below 1n order to explain the present invention by
referring to the figures.

FIG. 1 1s a diagram 1illustrating a configuration of similar
music search apparatus 100 using a music content summary,
according to an embodiment of the present imnvention, and
FIG. 2 1s a diagram illustrating an example of classiiying
mood/genre with respect to the music content summary 1n the
similar music search apparatus according to the present
embodiment.

Referring to FI1G. 1, the similar music search apparatus 100
includes a music content summary generation umt 110, a first
feature extraction unit 120, a second feature extraction unit
130, a mood/genre classification unit 140, a database 150, a
query music input unit 160, a query music detection unit 170,
and a retrieval unit 180.

-

T'he music content summary generation unit 110 extracts
an audio feature value from a compression zone of a music
file and generates a music content summary by using the
extracted audio feature value.

The first feature extraction unit 120 extracts a first feature
for classitying a mood and a genre of a music, from the music
file. The first feature extraction unit 120 includes a timbre
feature extraction unit 210 and a tempo feature extraction unit

220 as shown 1n FIG. 2.

Referring to FIG. 2, the timbre feature extraction unit 210
extracts a Modified Discrete Cosine Transformation
(MDCT)-based timbre feature from the compression zone of
the music file. Specifically, the timbre feature extraction unit
210 extracts MDCT coetlicients by decoding a part of the
music file compressed by, for example, a Moving Picture
Experts Group Audio Layer-3 (MP3) technique, selects a
predetermined number of MDCT coeflicients from the
extracted MDC'T coellicients, and may extract a timbre fea-
ture from the selected MDCT coeflicients. Also, the timbre
feature extraction unit 210 may extract the MDCT coetli-
cients from music files of various music file formats such as
an AAC (Advanced Audio Coding) format as well as an MP3

format.

The tempo extraction unit 220 obtains MDCT-based tempo
features from the compression region of the music files. Spe-
cifically, the tempo extraction unit 220 extracts MDCT coet-
ficients by decoding a part of a music file compressed in the
MP3 format or the ACC format. Then the tempo extraction

umt 220 selects proper MDCT coellicients among the
extracted MDCT coeflicients and extracts an MDCT-MS

(MDCT Modulation Spectrum) from the selected MDCT
coellicients by performing a DF'T (Discrete Fourier Transior-
mation). Also the tempo extraction unit 220 divides the
extracted MDCT-MS 1nto sub-bands and extracts an energy
from the sub-bands in order to use the energy as tempo fea-
tures of the music files.
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As described above, since the timbre feature and the tempo
teature are extracted from the compression zone of the music
file, the similar music search apparatus 100 may improve a
processing speed 1n comparison with a conventional extrac-
tion in the decompression zone.

Referring to FIG. 1, the second feature extraction unit 130
obtains second features from the music files to retrieve the
similarity. Specifically, the second extraction umit 130
extracts a MDCT-based timbre feature and a MDCT-based
tempo feature from the music file, calculates a maximum, an
average, and a standard deviation value with respect to each of
the extracted features, and stores the maximum, the average,
and the standard deviation value 1n the database 150.

The mood/genre classification unit 140 classifies the music
file by the mood and the genre of the music file by using the
generated music content summary. The mood/genre classifi-
cation unit 140 may classify the music file based on the
extracted timbre feature and tempo feature.

As shown 1n FI1G. 2, the mood/genre classification unit 140
may {irstly sort the music files according to seven classes with
four types of moods, e.g. a calm in classical, a calm/sad 1n
pop, an exciting 1n rock, a pleasant 1n electronic pop, a pleas-
ant 1 classical, a pleasant 1n jazz pop, and a sad in pop.,
depending on the timbre features extracted by the timbre
extraction unit 210.

As shown 1n FIG. 2, when a result of first classitying the
mood 1s, for example, ‘pleasant+classical’, the mood/genre
classification unit 140 may secondly reclassily the mood
classification result into ‘calm+classical” or ‘pleasant+classi-
cal’ with reference to the extracted tempo feature.

When the result of first classiiying the mood 1is, for
example, ‘pleasant+jazz pop’, the mood/genre classification
unit 140 may secondly, reclassity the mood classification
result into ‘sad+pop’ or ‘pleasant+jazz pop’ with reference to
the extracted tempo feature.

When the music file includes tag information having genre
information, the mood/genre classification unit 140 may
extract the tag information from the music file and may clas-
s11y the genre with respect to the music file by using the genre
information of the extracted tag information.

The mood/genre classification unit 140 stores the mood

information and the genre information of the classified music
file 1n the database 150.

The database 150 collects, as a metadata, the mood infor-
mation and the genre information of the classified music files
and the extracted second feature information for a similarity
retrieval. The second feature information includes the maxi-

mum, the average, and the standard deviation of features
extracted as the MDCT-based timbre features and the MDC'T-

MS-based tempo features from the music files.

The query music input unit 160 recerves an mput of query
music information.

The query music detection unit 170 detects the mood and
the genre of the query music by using the recerved query
music information and detects features for the similarity
retrieval, from the query music.

When a music file corresponding to the recerved query
music information 1s stored in the database 150, the query
music detection unit 170 detects the mood and the genre of the
music file from the database 150 and may detect the features
tor the similarity retrieval from the query music.

The retrieval unit 180 retrieves similar music from music

files whose mood and genre are 1dentical to the query music
by referring to the database 150.

The retrieval unit 180 may retrieve similar music with
respect to the query music by using the maximum, the aver-
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age, and the standard deviation from the music files whose
mood and genre are 1dentical with the query music.

The retrieval unit 180 may calculate a Euclidean distance
ol the features of the music files whose mood and genre are
identical to the query music and may detect N pieces of
candidate music whose calculated distance i1s less than a
predetermined value, as similar music.

FIG. 3 1s a flowchart illustrating a similar music search
method using the music content summary, according to an
embodiment of the present invention.

Referring to FIG. 3, 1n operation 310, a similar music
search apparatus extracts audio feature values from a com-
pression zone of a music file and generates a music content
summary by using the extracted audio feature values. The
process of generating the music content summary 1n opera-
tion 310 will be described 1n detail with reference to FIG. 4.

FI1G. 4 1s a flowchart illustrating a process of generating the
music content summary in the stmilar music search method,
according to the present embodiment. This method 1s, for ease
of explanation only, described as being performed by a music
search apparatus.

Referring to FIG. 4, i operation 410, the similar music
search apparatus extracts the audio feature value from the
compression zone of the music file.

In operation 410, the similar music search apparatus may
extract MDCT feature values by decoding a part of the com-
pression zone of the music file. The operation of extracting
the MDCT {feature values will be described 1n detail 1n a
process of extracting a timbre feature below.

As described above, 1n the similar music search method
according to the present embodiment, the audio feature val-
ues are extracted from the compression zone of music data,
thereby 1mproving a processing speed in comparison with a
conventional method of extracting the audio feature values 1n
a decompression from a non-compression zone.

In operation 420, the similar music search apparatus recon-
figures segments by tracking a music content change point by
using the extracted feature values. Specifically, 1n operation
420, the similar music search apparatus establishes two seg-
ments window 1 and window 2 having a fixed length, based
on the extracted MDCT feature values.

In operation 420, as shown 1n FIG. 5, the similar music
search apparatus shiits the two segments window 1 and win-
dow 2 at a certain time 1nterval according to the music data,
determines similarity between the two segments window 1
and window 2, and tracks the music content change points
MCP1, MCP2, MCP3, and MCP4.

In operation 420, the similar music search apparatus estab-
lishes two segments having a fixed length, for example, more
than three seconds, and shifts the two segments at a fixed
interval of less than 1.5 seconds according to an entire music
signal, thereby determining similarity between the two seg-
ments.

In operation 420, the similar music search apparatus may
track the music content change points by using a Modified
Kullback-Leibler Distance (MKL) method to determine
whether the similarity exists.

In operation 420, the similar music search apparatus cal-
culates a plurality of peaks by using the MKL method defined
as follows

|Equation 1]

dukr = %”'[Z _;][i _Zl]

{ { ¥
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where X 1s covariance, 1 1s a left segment of two segments, and
r 1s a right segment of the two segments.

In the stimilar music search method according to the present
embodiment, since peaks of various intervals and heights
appear when the MLK method 1s used, which peak 1s deter-
mimng the music content change point 1s difficult to be dis-
tinguished. Therefore, operations as below are further per-
formed.

In operation 420, the similar music search apparatus com-
pares N number of peaks from the calculated peaks and dis-
tinguishes the N number of peaks into any one of a high peak,
a low peak, and an interval peak.

In operation 420, the similar music search apparatus may
compare, for example, more than five peaks calculated by the
MLK method and may distinguish the five peaks into any one
of the high peak, the low peak, and the interval peak.

In operation 420, as shown 1 FIG. 6, the similar music
search apparatus determines the high peaks satisiying a
defined slope section to be candidate music change peaks. In
the defined slope section, the high peak 1s higher than a
previous peak and next five peaks.

In operation 420, as shown 1 FIG. 6, the similar music
search apparatus determines the candidate music change
peaks more than a threshold from the plurality of candidate
music change peaks to be the music content change points.
The threshold 1s automatically generated by using an average
value with respect to more than S number of peaks, calculated
by the MKL method.

As described above, 1n the similar music search method
according to the present embodiment, the music content
change points may be more clearly tracked by using a strong
peak search algorithm.

In operation 430, the stmilar music search apparatus takes
a part of adjacent length from each of the reconfigured seg-
ments, clusters the segments using a Bayesian Information
Criterion (BIC) method, and measures a similarity and a
repeatability between the segments.

As described above, 1n the similar music search method
according to the present embodiment, since the segments
according to the music content change points are used 1n
clustering, complexity of the clustering may be reduced.

Also, 1 the similar music search method according to the
present embodiment, the segment separated from the segment
formed according to the music content change point at a
certain interval 1s selected to be clustered, thereby increasing
precision of the clustering.

In operation 430, the similar music search apparatus selects
a section of a certain distance from each of the segments
obtained by the tracked music content change points and may

measure the similarity and the repeatability between the seg-
ments by the BIC method defined as follows

_ |Equation 2]
Rpic(i) =

Tt ogl S |- <tlod Y I - %IGQZI

Total {

where N 1s a length of a segment.

The similar music search apparatus may determine the
segment to be stmilar when R 5, (1) calculated by equation 2
1s greater than ‘0’ and may determine the segment to be not
similar when R .~ (1) 1s not greater than ‘0’.

As described above, 1n the similar music search method
according to the present embodiment, since an error occurs
when comparing the similarity by taking a covariance matrix
of a different distribution from segments of various lengths,
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the stmilarity and the repeatability between the segments may
be determined by the BIC method by selecting a section of
more than a certain length, for example, three seconds from
the segments of various lengths obtained by the detected
music content change point to the error.

In operation 440, the similar music search apparatus
extracts an MDC'T-based timbre feature and an MDCT-MS-
based tempo feature from each of the segments formed from
the detected music content change point to analyze music
contents.

In operation 430, to combine two types of the extracted
features, the similar music search apparatus may calculate a
centroid, a bandwidth, a flux, and a flatness from two types of
features.

In operation 450, the similar music search apparatus cal-
culates a Fuclidean distance with respect to the extracted
timbre and tempo features and measures the similarity and the
repeatability between the segments by clustering according to
a value of the similarity, obtained by the calculation of the
Euclidean distance.

In operation 450, the similar music search apparatus may
determine a largest cluster acquired by clustering the seg-
ments using the Euclidean distance to be a representative
candidate of a part of the music data.

In operation 460, the similar music search apparatus deter-
mines the similanty and the repeatability between the seg-
ments according to a result of comparing a first clustering
result using the BIC method with a second clustering result
using the Euclidean distance method.

In operation 460, the similar music search apparatus may
determine the similarity and the repeatability between the
segments which are representative parts of the music data by
using a consistent part acquired by comparing the first clus-
tering result with the second clustering result.

In operation 460, when there 1s no consistent part acquired
by comparing the first clustering result with the second clus-
tering result, the similar music search apparatus may deter-
mine the similarity and the repeatability between the seg-
ments which are the representative parts of the music data,
according to the second clustering result.

As described above, 1n the similar music search method
according to the present embodiment, a music content sum-
mary may be formed at a high speed by combining the BIC
method 1n which a segment, separated from a segment formed
according to a music content change point at a certain inter-
val, 1s selected, and the Fuclidean distance method using the
timbre and tempo features extracted from the compression
Zone.

In operation 470, the similar music search apparatus gen-
crates the music content summary by using the segment
selected by the measured similarity and repeatability between
the segments.

In operation 470, the similar music search apparatus deter-
mines pairs of the segments according to the measured simi-
larity, selects a first segment of the determined pairs as an
object of summarization, and may generate a music content
summary of a certain time by considering a rate of each of the
selected segments.

In operation 470, as shown 1n FIG. 7, the similar music
search apparatus determines the pairs of the segments { A, K},
1C,G}, {D, H}, {E, I}, and {F, I} according to the measured
similarity.

In operation 470, the similar music search apparatus
excludes a segment B that has no similarity according to an
arrangement order of the segments according to the similarity
of each of the segments and selects the first segments A, C, D,
E, and F of the determined pairs of the segments { A, K}, {C,
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G}, {D, H}, {E, I}, and {F, I} to be the object of summari-
zation. The similar music search apparatus may generate the
music content summary of the certain time by considering a
rate of each of the selected segments A, C, D, E, and F.

In operation 470, as shown i FIG. 8, the similar music
search apparatus may generate a music content summary 820
of, for example, 50 seconds by considering the rate of the
selected segments based on C that 1s a longest segment from
the selected A, C, D, E, and F of a music data 810.

Also, the similar music search apparatus may replay the
longest segment C as a highlight of the music data via the
generated music content summary 820. For example, in the
case of a previously played music, a longest segment may be
replayed as a highlight.

Also, since music data of 3 to 4 minutes 1s provided, for
example, as a music content summary of approximately 50
seconds, the similar music search method according to the
present embodiment may be effectively applied to a music
recommendation apparatus in which a search for a music or a
teedback 1s required.

In operation 320, the similar music search apparatus clas-
sifies a mood and a genre of the music file by using the
generated music content summary.

In operation 320, the similar music search apparatus may
extractthe MDC'T-based timbre feature from the compression
zone of the music content summary.

A process of extracting the MDCT-based timbre feature 1n
operation 320 will be described below 1n detail with reference
to FIG. 9.

FI1G. 9 1s a diagram 1llustrating an example of the process of
extracting a timbre feature, in the similar music search
method according to the present embodiment.

Referring to FIG. 9, in operation 910, the similar music
search apparatus extracts, as an example, 576 MDC'T coelli-
cients S, (n) by decoding a part of a music content summary of
a music file, compressed by a predetermined compression
method. In this case, n indicates a frame index ot MDCT, and
1 (0 to 575) indicates a sub-band index of the MDCT.

In operation 920, the similar music search apparatus selects
predetermined MDCT coefficients S, (n) from the above
example of 576 sub-bands. In this case, S, (n) represents the
selected MDCT coeflicients, and k (<1) represents the
selected MDC'T sub-band index.

In operation 930, the similar music search apparatus
extracts 25 timbre features from each of the selected MDCT
coellicients. The extracted timbre features may include a
spectral centroid, a bandwidth, a rolloif, a flux, a spectral

sub-band peak, a valley, and an average.

k—1

> Gk + Dsi(n)

1=0)

|Equation 3]

C(n) =

-1
S;(#1)
=0

Equation 3 1s related to a spectral centroid, which represents
a highest beat rate.

k—1 [Equation 4]
Y, [i+ 1= Cm)]* xS;(n)”

=0
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Equation 4 1s related to a bandwidth, which represents arange
of a beat rate.

Rin)

k-1
Z s;(n) =095 > s;(n)
i=0

1=0

|Equation 3]

Equation 5 1s related to a rolloff.

k—1

Fn)= ) (s:(n) = s;(n = 1))

=0

|Equation 6]

Equation 6 1s related to a flux, which represents a variation of
the beat rate according to a time.

Bpfak (1) = Dg&’}—il [lSE (H)l]

|Equation 7]

Equation 7 1s related to a sub-band peak.

Bva!!ey(ﬂ) = min [lsr(n)l] [Equatiﬂﬂ 8]

O=i=f—1

Equation 8 1s related to a valley.

—

—~1 [Equation 9]
- ) si(m)]

i

|
Bavfmge (1) = ?

|l
-

Equation 9 1s related to an average.

In operation 930, the similar music search apparatus
extracts a flatness feature from the selected MDCT coetli-
cients.

{ —1 3
log(s; ()
0

|Equation 10]

=

Fi(n) = 20log,,

i1
>, si(n)
i—0

\ /

Equation 10 1s related to a flatness, which indicates what
feature a clear and strong beat 1s.

In operation 940, the similar music search apparatus
extracts a timbre feature for a sitmilarity retrieval. Specifically,
in operation 940, the similar music search apparatus may
calculate a maximum, a mean, and a standard deviation with
respect to the spectral centroid, the bandwidth, the flux, and
the flatness to extract a similarity feature for the similarity
retrieval.

Conversely, in operation 320, the similar music search
apparatus may extract the MDC'T-based tempo feature from
the compression zone ol the music content summary. A pro-
cess of extracting the MDC'T-based tempo feature in 320 will
be described in detail below with reference to FI1G. 10.

FIG. 10 1s a diagram 1llustrating an example of extracting
the tempo feature, 1n the similar music search method accord-
ing to the present embodiment.
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Referring to FI1G. 10, 1n operation 1010, the similar music
search apparatus extracts, as an example 576 MDCT coelli-
cients S, (n) by decoding a part of a music content summary of
a music file, compressed by a predetermined compression
technique. In this case, n indicates a frame index of MDCT,
and 1 (0 to 573) indicates a sub-band index of the MDCT.

In operation 1020, the similar music search apparatus
selects predetermined MDCT coelficients S; (n) from, for
example 576 sub-bands. In this case, S, (n) indicates the
selected MDCT coellicients, and k (<1) indicates the selected
MDCT sub-band index.

In operation 1030, the similar music search apparatus

extracts an MDCT-MS by performing a Discrete Fourier
Transtorm (DFT) on the selected MDC'T coellicients.

X, (n)=s5,(n) |[Equation 11]

N-1 P |Equation 12]
V(@) = ) Xe(me IR
n=0

In this case, q 1s a modulation frequency, and a modulation
resolution depends on N that 1s a DFT length.

The MDCT-MS on which the DFT 1s performed by using a
time shift may be shown as a four-dimensional form having,
three variables as 1n equation 13.

N-1

27
Yii(g) = Z X (t+me IN™
n=>0

|Equation 13]

In this case, t indicates a time 1index, Specifically, a shift of
the MDCT-MS in time.

In operation 1040, the similar music search apparatus
divides the extracted MDCT modulation spectrum into N
number of sub-bands and extracts energy from the sub-bands
to use as the MDCT-MS-based tempo feature.

In operation 1050, the similar music search apparatus
extracts a centroid, a bandwidth, a flux, and a flatness as the
extracted MDCT-MS-based tempo feature so as to retrieve a
similarity. Specifically, 1n operation 1050, the similar music
search apparatus may extract the centroid, the bandwidth, the
flux, and the flatness according to the MDCT-MS-based
tempo feature, as the similarity feature.

As described above, the similar music search method
extracts the audio features for the stmilar music retrieval from
a compression zone, thereby reducing complexity required 1in
feature extraction.

In operation 320, the similar music search apparatus clas-
sifies the mood and the genre of the music file based on the
timbre feature and tempo feature extracted from the music
content summary.

In operation 320, the stmilar music search apparatus clas-
sifies the genre of the music file based on the extracted timbre
feature and may reclassity a category with respect to the
music file of the genre when an ambiguity of a result of the
genre classification 1s more than a predetermined value.

Specifically, in operation 320, when the ambiguity of the
genre classification result 1s more than the predetermined
value, the similar music search apparatus may reclassity the
category with respect to the music file of the genre based on
the extracted tempo feature.

In operation 320, the similar music search apparatus may
classity the mood with respect to the music file into any one
of seven classes with four types of moods based on the
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extracted timbre feature first. For example, there may be a
calm 1n classical, a calm/sad 1n pop, an exciting in rock, a
pleasant 1n electronic pop, a pleasant in classical, apleasant in

1azz pop, and a sad 1n pop 1n the seven classes.

In operation 320, the similar music search apparatus may
reclassity classes whose first mood classification result 1s
highly ambiguous, for example, pleasant+classical and pleas-
ant+jazz pop, based on the extracted tempo feature second.

Specifically, 1n operation 320, for example, the similar
music search apparatus may reclassify the category of amusic
file classified into the ‘pleasant+classical’ into the ‘calm+
classical” or the ‘pleasant+classical’ according to the
extracted tempo feature and may reclassity the category with
respect to a music file classified into the ‘pleasant+jazz pop’
into the ‘sad+pop’ or the ‘pleasant+jazz pop’ according to the
extracted tempo feature.

Also, 1 operation 320, the similar music search apparatus
merges the categories with respect to the reclassified music
files into K number of moods.

Specifically, 1n operation 320, the similar music search
apparatus may merge the mood classification result first clas-
sified according to the extracted timbre feature and the second
classified mood classification result according to the
extracted tempo feature to merge 1nto four mood classes such
as an exciting, a pleasant, a calm, and a sad.

Conversely, 1n operation 320, the similar music search
apparatus may classity the music file into fractionalized cat-
egories by using a Gaussian Mixture Model (GMM).

Also, 1n operation 320, when the music file includes tag
information including genre information, the similar music
search apparatus extracts the tag information from the music
file and may classily a genre of the music file by using the
genre information.

In operation 330, the similar music search apparatus
extracts a similarity feature from the music files to retrieve the
similarity of music.

In operation 330, the similar music search apparatus may

extract the similarity feature for music similarity retrieval by
extracting the timbre feature and the tempo feature.

Specifically, in operation 330, the similar music search
apparatus calculates a maximum, a mean, and a standard
deviation with respect to the timbre and tempo features
extracted from the compression zone of the music content
summary and may extract the similarity feature by using the
maximum, the mean, and the standard deviation.

As described above, the similar music search method
according to the present embodiment extracts music features
for a similar music search from the compression zone,
thereby improving an entire processing speed for the similar
music retrieval.

In operation 340, the similar music search apparatus stores
a mood information and a genre information and an extracted
similarity feature of the classified music file 1n a predeter-
mined database, as metadata.

In operation 350, the similar music search apparatus
receives information with respect to query music for retriev-
ing similar music. When the query music 1s stored in the
database, a title of the stored query music may be input as
information with respect to the query music.

In operation 360, the similar music search apparatus
detects a mood and a genre of the inputted query music. In
operation 360, when the mood information and the genre
information of the query music are stored 1n the database, the
similar music search apparatus may extract the mood infor-
mation and the genre information of the query music from the
database.
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In operation 370, the similar music search apparatus mea-
sures similarity between the query music and a music file
whose mood and genre 1s 1dentical with the query music with
reference to the database. Specifically, in operation 370, the
similar music search apparatus calculates a Euclidean dis-
tance of features of the music file whose mood and genre are
identical with the query music with reference to the database.

In operation 380, the similar music search apparatus
retrieves similar music of the query music according to the
measured similarity. Specifically, 1n operation 380, the simi-
lar music search apparatus may search N number of music
files whose calculated Fuclidean distance 1s less than a pre-
determined value.

The stmilar music search method according to the above-
described embodiments of the present invention searches the
similar music from music files whose mood and genre are
identical by using a music mood and genre auto classification
result, thereby improving reliability with respect to a search
result.

Also, since the similar music search method searches from
music {iles whose mood and genre are identical with the query
music given for the similar music search, it 1s not required to
search an entire music, thereby reducing a search time.

Embodiments of the present invention include a computer
readable medium including a program instruction for execut-
ing various operations realized by a computer. The computer
readable medium may include a program instruction, a data
file, and a data structure, separately or cooperatively. The
program 1instructions and the media may be those specially
designed and constructed for the purposes of the present
invention, or they may be of the kind well known and avail-
able to those skilled in the art of computer soitware arts.
Examples of the computer readable media include magnetic
media (e.g., hard disks, floppy disks, and magnetic tapes),
optical media (e.g., CD-ROMs or DVD), magneto-optical
media (e.g., optical disks), and hardware devices (e.g.,
ROMs, RAMs, or flash memories, etc.) that are specially
configured to store and perform program instructions. The
media may also be transmission media such as optical or
metallic lines, wave guides, etc. including a carrier wave
transmitting signals specifying the program instructions, data
structures, etc. Examples of the program instructions include
both machine code, such as produced by a compiler, and files
contaiming high-level languages codes that may be executed
by the computer using an interpreter. The hardware elements
above may be configured to act as one or more soltware
modules for implementing the operations of this invention.

The above-described embodiments of the present mven-
tion provide a method and apparatus, 1n which similar music
1s searched from music files whose mood and genre are simi-
lar according to results of classifying mood and genre of
music by using a music content summary, thereby improving,
reliability with respect to a search result.

The above-described embodiments of the present inven-
tion also provide a method and apparatus, 1n which a music
content summary 1s generated by extracting music features
from a compression zone and a music mood and genre may be
classified by the generated music content summary at high
speed.

The above-described embodiments of the present mven-
tion also provide a method and apparatus which may improve
an entire processing speed for a similar music search by
extracting music features for the similar music search from a
compression zone.

The above-described embodiments of the present mven-
tion also provide a method and apparatus which may reduce
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complexity for feature extraction by extracting audio features
for stmilar music search from a compression zone.

The above-described embodiments of the present inven-
tion also provide a method and apparatus, n which, since a
search 1s performed with respect to music files whose mood
and genre are 1dentical with query music given for similar
music search, 1t 1s not required to search with respect to all
music, thereby reducing a search time.

Although a few embodiments of the present invention have
been shown and described, the present invention 1s not limited
to the described embodiments. Instead, it would be appreci-
ated by those skilled in the art that changes may be made to
these embodiments without departing from the principles and
spirit of the invention, the scope of which 1s defined by the
claims and their equivalents.

What 1s claimed 1s:

1. A similar music search method, comprising;

extracting an audio feature value from a music file by

decoding only a select compressed portion of the music
file of all compressed portions of the music file, wherein
the select compressed portion includes the extracted
audio feature value, extracting the audio feature fromthe
decoded portion, and generating a music content sum-
mary using the extracted audio feature;

classitying a mood and a genre of the music file using the

generated music content summary;

extracting a similarity feature for a similarity retrieval from

the music content summary;

storing information on the classified mood and genre and

the extracted similarity feature information 1n a data-
base:
receving a query music;
detecting a mood and a genre of the query music;
measuring a similarity between the query music and music
files that are identical 1n the mood and the genre to the
query music by referring to the database; and

retrieving the similar music with respect to the query music
based on the measured similarity.

2. The method of claim 1, wherein the extracting an audio
feature value from the music file and generating a music
content summary includes:

reconfiguring a segment by tracking a point at which music

contents change using the extracted feature value;
measuring the similarity and a repeatability between each
segment by clustering a fragment with a certain length
acquired from each reconfigured segment; and
generating the music content summary using the segment
selected by the measured similarity and repeatability
between each segment.

3. The method of claim 1, wherein the classiiying a mood
and a genre of the music file using the generated music con-
tent summary ncludes:

extracting a modified discrete cosine transiormation

(MDCT)-based timbre feature from the music content
summary;

extracting an MDC'T-based tempo feature from the music

content summary; and

classifying the mood and the genre of the music file based

on the extracted timbre feature tempo feature.

4. The method of claim 3, wherein the extracting an
MDCT-based timbre feature from the music content sum-
mary includes:

extracting MDCT coetlicients by decoding a part of the

music content summary;

selecting a predetermined number of MDCT coetlicients

of a sub-band from the extracted MDCT coetficients;
and
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extracting a spectral centroid, a bandwidth, a rolloft, a tlux,

and a flatness from the selected MDCT coetficients.

5. The method of claim 4, wherein the extracting a simi-
larity feature for similarity retrieval from the music content
summary includes computing a maximum, a mean, and a
standard deviation of the extracted timbre feature.

6. The method of claim 3, wherein the extracting a MDCT-
based tempo feature from the music content summary
includes:

extracting the MDCT coetficients by decoding a part of the

music content summary;

selecting an MDC'T coetlicient of a predetermined sub-
band from the MDCT coefficients:

extracting an MDC'T modulation spectrum (MS) from the
selected MDC'T coellicient by performing a Discrete
Fourier Transformation (DFT); and

dividing the extracted MDCT-MS into N sub-bands and
extracting energy from the sub-bands usable as an
MDCT-MS-based tempo feature.

7. The method of claim 6, wherein, in the extracting a
similarity feature for a similarity retrieval from the music
content summary, a centroid, a bandwidth, a flux, and a flat-
ness according to the MDCT-MS-based tempo feature are
extracted as the similarity features.

8. The method of claim 1, wherein, 1n the measuring a
similarity between the query music and music files 1dentical
in the mood and the genre to the query music by referring to
the database, the similarity 1s measured by computing a
Euclidean distance of the features of the music file that are
identical in the mood and the genre with the query music.

9. The method of claim 8, wherein, in the retrieving the
similar music with respect to the query music based on the
measured similarity, a number of the music files with a com-
puted Euclidean distance 1s less than a predetermined value.

10. A computer-readable recording medium in which a
program for executing a similar music search method 1s
recorded, the method comprising;:

extracting an audio feature value from a music file by
decoding only a select compressed portion of the music
file ot all compressed portions of the music file, wherein
the select compressed portion includes the extracted
audio feature value, extracting the audio feature from the
decoded portion, and generating a music content sum-
mary using the extracted audio feature;

classitying a mood and a genre of the music file using the
generated music content summary;

extracting a sitmilarity feature for a similarity retrieval from
the music content summary;

storing information on the classified mood and genre and
the extracted similarity feature information 1n a data-
base;

receiving a query music from a user;

detecting a mood and a genre of the query music;

measuring a similarity between the query music and music
files that are 1dentical in the mood and the genre to the
query music by referring to the database; and

retrieving the similar music with respect to the query music
based on the measured similarity.

11. An apparatus for retrieving a similar music by using a

music content summary, the apparatus comprising:

a music content summary generation unit extracting an
audio feature value from a music file by decoding only a
select compressed portion of the music file of all com-
pressed portions of the music file, wherein the select
compressed portion includes the extracted audio feature
value, extracting the audio feature from the decoded
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portion, and generating the music content summary
using the extracted audio feature value;

a first feature extraction unit extracting an MDCT-based
timbre feature and an MDCT-based tempo feature from
the generated music content summary;

a mood/genre classification unit classifying a mood and a
genre of the music file according to the feature extracted
by the first feature extraction unit;

a second feature extraction unit extracting a similarity fea-
ture for a similarnty retrieval from the music content
summary;

a database storing information on the classified mood and
genre and the extracted similarity feature information;

a music iput unit recerving a query music;

query music detection unit detecting a mood and a genre of
the query music; and

a retrieval unit measuring a similarity between the query
music and music files that are identical in the mood and
the genre to the query music and retrieving the similar

music with respect to the query music according to the
measured similarity.

12. The apparatus of claim 11, wherein the mood/genre
classification unit classifies the mood and the genre of the
music {ile based on the extracted timbre feature and the tempo
feature.

13. The apparatus of claim 11, wherein:

the music file includes tag information including genre
information; and

the mood/genre classification unit classifies the genre of
the music file using the genre imnformation of the tag
information extracted from the music file.

14. The apparatus of claim 11, wherein:

the second feature detection unit computes a maximum, a
mean, and a standard deviation with respect to the
extracted feature:; and

the database stores the computed maximum, the computed
mean, and the computed standard deviation as metadata.

15. The apparatus of claim 14, wherein the retrieval unit
searches the similar music with respect to the query music by
using the maximum, the mean, and the standard deviation,
from the music files that are identical in the mood and the
genre with the retrieved query music.

16. The apparatus of claim 15, wherein the retrieval umt

computes a Euclidean distance with respect to the maximum,
the mean, and the standard deviation and retrieves candidates

with a computed distance less than a predetermined value as
the stmilar music.

17. The apparatus of claim 11, wherein the music file

includes any one of a moving picture experts group audio
layer-3 (MP3) file and an advanced audio coding (ACC) file.

18. A similar music search method, comprising:

classifying a mood and a genre of a music file using a music
content summary generated based on an audio feature
value extracted from the music file by decoding only a
select compressed portion of the music file of all com-
pressed portions of the music file, wherein the select
compressed portion includes the extracted audio feature
value and the extracted audio feature value 1s a Moditied
Discrete Cosine Transformation-based feature;

extracting a similarity feature for a similarity retrieval from
the music content summary;

storing information on the classified mood and genre and
an extracted similarity feature from the music content
summary;

detecting a mood and a genre of an input query music;
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measuring a similarity between the query music and music
files that are identical 1n mood and genre to the query
music by referring to the database; and

retrieving the similar music with respect to the query music

based on the measured similarity.

19. A computer-readable storage medium in which a pro-
gram for executing the similar music search method of claim
18 1s recorded.

20. A music contents summary generation method, the
method comprising:

extracting an audio feature value from a music {ile;

reconfiguring segments ol the music file by tracking a

music content change point using the extracted feature
values;

first clustering the reconfigured segments using a Bayesian

Information Criterion (BIC) method, and measuring a
similarity and a repeatability between the reconfigured
segments;

extracting an MDCT-based timbre feature and an MDCT-
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second clustering the reconfigured segments by calculating
a BEuclidean distance for the extracted timbre and tempo
features and measuring the similarity and the repeatabil-
ity between the reconfigured segments, the reconfigured
segments being second clustered according to the simi-
larity values based on the Euclidean distances; and

determining the similarity and the repeatability between
the segments based on a result of a comparison between
the first clustering a the second clustering.

21. The method of claim 20, wherein the determining
includes determining the similarity and the repeatability
between the reconfigured segments using a consistent part of
the segments, when there 1s a consistent part.

22. The method of claim 20, wherein the determining
includes determining the similarity and the repeatability
between the reconfigured segments according to the second
clustering result, when there 1s no consistent part.
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